Introduction
The death rate from coronary and cerebral thrombosis in England and Wales rises linearly as air temperature falls; daily deaths per million increase from 4 9 to 6-9 (myocardial infarction) and from 3-2 to 4 8 (strokes) when the minimum daily temperature falls from 17°to-5C.I Cold related mortality from these causes is thus very large compared with that from hypothermia, which accounts for 0-016 daily deaths per million (1981 figures of the Office of Population Censuses and Surveys (Mortality Statistics)). The explanation for cold related thrombosis has been uncertain. Small falls in plasma antithrombin III2 and increases in arterial blood pressure3-5 have been reported in cold weather; but the falls in antithrombin were offset by increases in fibrinolytic activity,2 6 and it was noted that the increases in arterial pressure could not readily explain the increases in mortality, which largely occur within the first few days after a low air temperature. Increased packed cell volume has been observed during exposure to cold7 8 but does not appear to have been associated with possible adverse effects.
Since platelet aggregation causes the initial stage of arterial thrombosis,9 we have measured changes in platelets as well as in red and white blood cells and blood viscosity in people exposed to cold. We have also measured cholesterol and triglyceride concentrations in plasma and in different lipoprotein fractions and plasma concentrations of thromboxane B2, a breakdown product of the shortlived thromboxane A, which promotes platelet aggregation. Arterial pressure and other cardiovascular and metabolic responses that might have a bearing on cold related mortality were monitored.
Subjects and methods
The subjects were four male and four female student volunteers, aged [18] [19] [20] [21] [22] [23] [24] [25] , who were healthy and not taking medications. Mean subcutaneous fat thickness was estimated from ultrasonic readings at four sites,I0 and surface area was calculated from height and weight." Two subjects were studied at a time; each pair was studied twice after sleeping overnight in the laboratory in still air at 24±1 C with bedclothes. At 0700 they ate a fat free meal of two pieces of toast 1405 with jam and 200 ml unsweetened orange juice. Control measurements were made and an initial sample of blood taken. At 0900 one subject was cooled for six hours on a net bed by rapid air movement at approximately 10 m/s, wearing only a shortsleeved cotton shirt, shorts, and underwear. The other (control) subject lay on a couch for the same time with the same clothing but with two blankets and in still air. Both subjects were recumbent and in air at 24±10C throughout. A 28 watt electrical heating pad was applied to the arm used for blood sampling to ensure free flow of blood. The subjects ate another, similar meal at 1300 and the experiment ended at 1500. In the second experiment, 48 hours later, the subject cooled in the first experiment was the control, and the control subject of the first experiment was cooled.
Skin 
Results
The mean (SE) height of the eight subjects was 1-72 (0-05) m, weight 63-9 (6A4) kg, and subcutaneous fat thickness 7-6 (1-0) mm. Figure 1 shows that cooling by fast moving air at 24°C rapidly reduced skin temperature by about 5°C on the trunk and 7°C on the hands and calves, and caused a slow fall of 0-4°C in body core temperature. By comparison there was a small diurnal increase in control experiments. Metabolic rate did not rise significantly during the first 30 minutes of cooling, but then increased, with visible shivering in most subjects, to 370' above that in the control experiments at the end of six hours. This was accompanied by hyperventilation, shown by a fall in end tidal carbon dioxide pressure (Pco2).
Packed cell volume (table I) increased in the cold, on average by 700, due to an increase in numbers of red cells per unit volume of blood; red cell volume did not change significantly. The fraction of plasma volume occupied by platelets increased by an average of 15°', largely due to an 800 increase in numbers of platelets per unit volume of blood with raised packed cell volume and reduced plasma fraction. Mean platelet volume also increased in the cold; the increase did not quite reach significance but occurred in six of the eight experiments. The number of neutrophil polymorphonuclear leucocytes per unit volume of blood increased in the cold and also, to a less extent, in control experiments. Little of the increase in platelet count, compared with control experiments, and only about a third of the increase in red cell numbers had occurred in the first hour in the cold. A tendency for red cell and platelet counts to decline in the first hour of control experiments may be explained in part by haemodilution after taking cholesterol, which increased 0-26 (0-07) mmol/l (10 0 (2 7) mg/100 ml) from an initial 3-22 (0 16) mmol/l (124 (6-2) mg/100 ml) (p<0 01), while high density lipoprotein cholesterol increased by 0-10 (0-03) mmol/I (3 9 (1 2) mg/100 ml) from 1-36 (0-09) mmol/l (52-5 (3-5) mg/ 100 ml) (p<0 05). All of these increases also differed significantly (p<0 05) from corresponding values in control experiments. Very low density lipoprotein cholesterol did not change significantly in the cold, nor did total triglyceride or low density, high density, or very low density lipoprotein triglyceride. Mean plasma thromboxane B. value did not change significantly, but was usually higher at 113 (17) nmol/l (418 (6-3) ng/ml) at the end of cold experiments compared with 106 (20) nmol/l (39-2 (7-5) ng/ml) at the end of control experiments (means and SE of eight experiments), probably due to increased production of thromboxane A, by virtue of the increased platelet count. and the resulting fall of indoor temperature, the time scale of e increase in diastolic pressure taking place these changes therefore accords well with the delay of roughly cooling (fig 2) . Pulse rate was on average 24 hours between a fall in outside temperature and peak increase than during the control run and car-..in mortality from coronary thrombosis.' The longer delay of arlv part of the cold than during the control several days between a fall in outside temperature and peak sma cholesterol concentration increased .increase in mortality from strokes1 may be explained by the )41 (0c09) mmoll(15c8 (3i5) mg/00 ml)n longer delay between onset and death in cerebral thrombosis. 19 (0-28) mmol/l (200 (10-8) mg/100 ml); Some difference in response is likely in the elderly, but the high mmol/l (3-1 (1-9) mg/l00 ml) occurred in incidence of cold related mortality in the elderly might be se was mainly in low density lipoprotein explained by their higher level of initial arterial disease, making 14b07 them susceptible to thrombosis with changes in the blood that are harmless to fit young people. Although intense skin cooling by ice cold water increases arterial pressure within seconds by a large reflex increase in cardiac output,"2 the smaller and slower increases of arterial pressure in our experiments were largely attributable to increased blood viscosity, particularly towards the end of the six hours when mean cardiac output was close to the control value and the increase in viscosity closely matched the increase in mean arterial pressure. Neither the increase in arterial pressure nor that in serum cholesterol that we observed in the cold would be likely to cause significant increases in arterial thrombosis within the one to three days to peak mortality after cold weather. 
Discussion

ONE HUNDRED YEARS AGO
In his able report on the Royal Lunatic Asylum at Montrose, Dr. Howden calls attention to the marked improvement in health that frequently takes place when a lunatic is removed from one asylum to another. Of nineteen male pauper patients, received into the Montrose Asylum during the last two years from other institutions, eleven gained in all 147 lbs., six lost in all 38 lbs., and two remained stationary. Of nineteen female patients of the same class, fourteen gained in all 187 lbs., four lost amongst them 20 lbs., and two remained stationary. Again, three private patients, transferred from other asylums, gained respectively 7, 10, and 41 lbs. The individual losses were in all cases trifling, and resulted from temporary illness, or increased waste entailed by work. The individual gains, on the other hand, were often remarkable. Five men gained from 20 to 41 lbs. each in twelve months; and seven women, in the same period, gained from 15 to 40 lbs. As an instance of remarkably rapid increase in weight, Dr. Howden cites the case of an imbecile, transferred from the lunatic ward of a poorhouse, who, in one month, gained 7 lbs. This increase of weight in lunatics, transferred from one establishment to another, must, Dr. Howden thinks, be due to one of two causes; either to improved diet and more healthy surroundings, or to the mere effect of change of residence. In the case of lunatics transferred from poorhouses, he is inclined to suspect that the first is the most important factor; but, in the case of other lunatics, he cannot doubt that the second cause mentioned is the more influential. If it can be shown, he argues, that in the cases of all lunatics transferred from one asylum to another, we have improvement in bodily, and perhaps also in mental condition, we have at our command a valuable, but hitherto only imperfectly recognised, means of treatment. We are all aware of the benefit some persons derive from a change of air; and there is every reason to believe that the insane derive a similar, or even greater, advantage from it.
(British Medical Journal 1884;i:963.)
